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ABSTRACT 
The relative abundance of possums (Trichosurus vulpecula) was assessed at four alpine 
sites in Westland using the Residual Trap Catch (RTC) method. At each site, five trap-
lines were set for three consecutive fine riights; two in 'grassland' habitat, two in 
'shrubland' habitat, and one in 'rock bluff' habitat. Possums were present at all four sites, 
but the overall RTC was very low (1.8 %) compared to estimates from unharvested forest 
and farmland habitats in New Zealand. Possums were more common in shrubland (2.9 %) 
than in grassland (1.5 %), and were not recorded in the rock bluff habitat (0 %). The mean 
body weight of adult possums (3.74 kg, n=14) was the largest recorded for a New Zealand 
population, suggesting that the population was limited by den sites rather than by food. 
Relative to the maximum densities recorded for Himalayan tahr (Hemitragus jemlahicus) 
and chamois (Rupicapra rupicapra) , the biomass of possums was low. The long-term 
effects of possums on plant and animal communities in alpine habitats are unknown, but are 
likely to be small relative to the impacts of these sympatric ungulates. 
1. INTRODUCTION 
Five introduced herbivores, Himalayan thar (Hemitragus jemlahicus), chamois (Rupicapra 
rupicapra) , red deer (Cervus elaphus scoticus), possum (Trichosurus vulpecula), and hare 
(Lepus europaeus occidentalis) are sympatric in the alpine zone of the central Southern 
Alps (Forsyth et al .. 2000). The Department of Conservation has a statutory obligation to 
control pests to minimise their impacts on indigenous biota (Holloway 1993), but currently 
actively manages (i .e., monitors and controls) only one of these species (thar) in this region 
(Forsyth et al. 2000). Red deer and chamois are counted when observed in thar monitoring 
surveys (Department of Conservation, unpublished data), but there is little quantitative 
information on the densities of either possums or hares (Wong and Hickling 1999) in alpine 
habitats. 
Coleman et al. (1980) measured the densities of possums along the gradient from pasture 
(c. 250 m a.s.l.) to the sub-alpine shrubland zone (c. 1000 m a.s .l.) at Mt. Bryan O'Lynn, 
north Westland. Densities, as estimated by kill-trapping, were high adjacent to the low-
altitude pasture margin (2540 possums km-2) and low in the high-altitude shrubland (940 
possums km-2; Coleman et al. 1980). J.P. Parkes et al. (Landcare Research, unpublished 
data) identified the contents of possum stomachs collected during 1993-1995 in sub-alpine 
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shrubland and alpine grassland habitats in the Havelock River catchment, eastern Southern 
Alps. The possums were collected using cyanide paste, traps and shooting, so quantitative 
estimates of densities could not be made. However, densities appeared to be highest in tall 
shrubland at low altitudes, and lowest in high-altitude grassland and rock bluff habitats 
(D.M. Forsyth, Lincoln University, personal observation). 
The objective of this study was to determirle the relative abundance of possums in sub-
alpine and alpine habitats in four catchments in Westland. 
2. METHODS 
We determined the abundance of possums at four high-altitude sites in Westland (Figure 1; 
Appendix A) in the late summer/early autumn of 1997 and 1998. The sites were selected in 
consultation with C. Robertson and T. Farrell (Department of Conservation, Hokitika) 
according to three criteria. First, all sites were known to have been colonised by possums 
for >20 years; possum populations in New Zealand undergo an irruptive fluctuation 
following the colonisation of new range (Thomas et al. 1992), and we aimed to survey 
possum densities in the post-irruption 'equilibrium' phase. Second, all sites provided 
reasonable access along and between trap-lines. Third, the sites were spread between the 
northern and southern boundaries of the thar breeding range (the Hokitika and 
Landsborough Rivers, respectively; Department of Conservation 1993). 
We used the standard Residual Trap Catch (RTC) method for monitoring possum 
abundance (National Possum Control Agencies [NPCA] 1999, Warburton 2000). Five 
trap-lines, each consisting of 20 leg-hold traps spaced at 20 m intervals, were set at each 
site. Flour and icing sugar (10:2 ratio by weight) mix was placed behind each trap as a lure. 
At sites where there were no large shmbs to set traps against, the standard protocol was 
modified to allow traps to be set against small rocks or similar features, and the lure placed 
behind the trap (cf. NPCA 1999). The standard RTC protocol also requires trap-lines to be 
randomly located within the area of interest, but this was not possible in our sites because 
of the mgged terrain. Trap-lines were therefore set in 'representative' but accessible areas, 
and did not always follow a single bearing. 
Traps were set for three consecutive fine nights and checked daily. Captured possums were 
humanely killed. Escaped possums ('escapes'), detected by the presence of fur in the jaws 
of the trap, were recorded separately from spmng traps and non-target captures . The body 
mass (kg) and colour (black, brown-black, brown, grey-brown and grey) of possums were 
also recorded. 
RTC was calculated as the percentage of possums caught or escaped per 100 trap nights, 
with both spmng traps and non-target captures each reducing the trap nights by 0.5 (NPCA 
1999). Possum densities have often been indexed as the number of possums caught per 100 
trap nights, and RTCs can be readily compared with those estimates; an RTC of 4.5% is the 
equivalent of 4 .5 possums per 100 trap nights. 
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Figure 1. The location of the four study sites in the Price, Poerua, Douglas and Makawhio 
(Jacobs) Rivers in Westland, 
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Figure 2. Examples of the three habitats in which sampling effort was stratified in the 
Makawhio (Jacobs) River; rock blpff (upper), shrubland (middle) , and grassland (lower). A 
line of 20 traps was located in each of these photographs. All photographs by I.J. Yockney. 
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'rVe identified three habitats within each site that we a priori believed were likely to differ 
in possum abundance; these were 'shrubland', 'grassland' and 'rock bluff'. We therefore 
stratified our sampling at each site, with two trap-lines set in both shrubland and grassland, 
and one trap-line set in rock bluffs. No detailed descriptions of the vegetation types exist 
for the study areas, but examples of the three habitats are shown in Figure 2. 
Trapping was conducted during March 1997 (Makawhio [Jacobs] River), February 1998 
(Poerua River), March 1998 (Douglas River) and April 1998 (Price River). 
3. RESULTS 
A total of 19 possums, 2 escapes, 12 sprung traps and 2 non-target captures (kea, Nestor 
notabilis) were recorded, giving 1193 effective trap nights (Appendix B). (Both kea were 
released unharmed.) Of the 12 male and 7 female possums, 14 were 'adult' and 5 were 
'immature'. All were dark colour phase (18 brown-black and 1 black). The mean body 
weights (± SE) were: adult males, 3.61 ± 0.85 kg (n=9); adult females, 3.95 ± 0.64 kg 
(n=5); immature males , 1.99 ± 1.15 kg (n=3); immature females, 2.42 ± 0.40 kg (n=2). 
When both sexes were pooled the mean adult weight was 3.74 ± 0.77 kg (n=14). The 
largest possum, an adult male, weighed 5.35 kg. Possums were generally in good 
condition, with kidney and stomach fat noted on most animals. 
The mean (± 95 % CI) RTC over all four sites was 1.78 ± 1.19 % (Table 1). With only n=5 
lines at each site it would be inappropriate to make inferences about differences in the 
relative abundance of possums at each site (see NPCA 1999). 
There were, however, consistent differences in the RTCs among habitats (Table 1). The 
highest mean RTC was recorded in shrubland (2.92 ± 1.03 %) followed by grassland (1.49 
± 0.83 %). No possums were recorded in rock bluff habitats (0 %). In shrubland, 
individual RTCs ranged from 0 % (n=1 line) to 8.33 %. In grassland, individual RTCs 
ranged from 0 (n=4lines) to 6.96 %. 
4. DISCUSSION 
Our results indicate that possums are common in sub-alpine shrubland and alpine grassland 
habitats, but are largely absent from rock bluff habitat, in Westland. Possums were almost 
twice as abundant in shrubland than in grassland, confirming earlier observations in the 
Havelock River, eastern Southern Alps (D.M. Forsyth, Lincoln University, personal 
observation). 
Shrubland is likely to be more favoured than grassland for two reasons. First, possums 
require dry den sites (Cowan 1990) and these are more common in tall shrubland than 
grassland. We note, however, that rock-piles were present in all three habitats , and that 
these would likely provide suitable den sites. Second, possums in the eastern Southern 
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Table 1. Summary of RTC estimates of possum abundance by site and habitat. n is the 
number of lines on which each estimate is based. 
Site Habitat (n) Mean RTC ± 95 % CI 
Price Shrubland (2) 1.67 ± 0.00 
Grassland (2) 0.00 
Rock bluff (1) 0.00 
All (5) 0.67 ± 1.13 
Poerua Shrubland (2) 0.83 ± 10.59 
Grassland (2) 0.83 ± 10.59 
Rock bluff (1) 0.0 
All (5) 0.67 ± 1.13 
Douglas Shrubland (2) 7.50 ± 10.59 
Grassland (2) 0.83 ± 10.59 
Rock bluff (I) 0.0 
All (5) 3.33 ± 4.85 
Makawhio (Jacobs) Shrub land (2) 1.69 ± 0.09 
Grassland (2) 4.31 ± 33.61 
Rock bluff (1) 0.0 
All (5) 2.40 ± 3.29 
All Shrubland (8) 2.92 ± 1.03 
Grassland (8) 1.49 ± 0.83 
Rock bluff (4) 0.0 
All (20) 1.77 ± 0.57 
Alps ate woody plants and herbs, but not grasses (J .P. Parkes et aI., Landcare Research, 
unpublished data). Woody plants are present only in shrubl and , although herbs can be can 
be found, in varying quantities, in all three habitats (Forsyth 1997). Thus, a combination of 
the availability of den sites and food was likely responsible for the higher density recorded 
in shrubland. Rock bluffs were usually too steep to contain many rock piles (i.e., den sites) 
or much vegetation (Figure 2). 
Possum populations at the four sites were all likely to have been in the post-irruption phase 
and thus relatively stable. To our knowledge there had not been any commercial skin-
recovery operations at the four sites, although possums had regularly been harvested in the 
lower-altitude forests (c. Cowan and J. Scott, helicopter pilots, personal communications). 
Our results thus reflect densities of possums in long-colonised high-altitude habitats. 
The possum densities recorded in this study are the lowest recorded for unharvested 
populations in New Zealand. On forest-grassland margins in Westland and Waikato, RTCs 
of up to 45 % have been recorded (GJ. Hickling, Lincoln University, unpublished data; 
B. Warburton and G. Nugent, Landcare Research, unpublished data) . On extensive pastoral 
farmland in the South Island, which resembles the mosaic of sub-alpine shrubland and 
alpine grassland present in the Southern Alps, RTCs were 10-15 % (G.J . Hickling, Lincoln 
University, unpublished data). It therefore appears that alpine grasslands are a marginal 
habitat for possums in New Zealand. However, the possums captured in this study were in 
good condition with very high body weights; the mean adult weight of 3.74 kg (n=14) is the 
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largest recorded in New Zealand (see Table 15 in Cowan 1990). High body weights were 
also noted in the Havelock River, eastern Southern Alps (D.M. Forsyth, Lincoln University, 
personal observation). These data suggest that the low density but large-bodied populations 
that live in high-altitude habitats may be limited by the availability of den sites rather than 
by food , but this hypothesis requires further testing. 
The abundance of trappable possums from a line of traps set for three nights can be 
estimated by the Zippen removal method (Seber 1982, Warburton 2000). However, it was 
not possible to apply this method to our data because of the low frequency of captures often 
resulting in an ascending capture curve rather than a descending one. 
Thar, chamois, red deer and hares overlap to varying extents in their use of habitats; all four 
species apparently utilise grassland, but only thar commonly utilise rock bluffs, and hares 
seldom use shrubland (Forsyth et al. 2000, Forsyth 2000; Table 2). Our results show that 
possums are common in shrubland and grassland, but are absent from the rock bluff habitat. 
We now answer the question: How does the biomass of possums compare to those of the 
other sympatric herbivores? 
If it is assumed that each trap-line (i.e., 20 traps spaced at 20 m) can capture possums 
within a 160 m radius (B. Warburton, Landcare Reaserch, personal communication), then 
each trap-line has a catchment of 0 .224 km2 . If it is further assumed that we caught all 
possums present, then our results give a maximum density of 14 possums km-2. The mean 
body mass of possums was 3.3 kg (n=19), so the biomass was 46 kg km-2 in shrubland and 
22 kg km-2 in grassland. The maximum biomass of possums is therefore considerably 
smaller than the three sympatric ungulates that also utilise shrubland, hut apparently higher 
than hares in grassland (Table 2). We note, however, the absence of quantitative estimates 
of hare abundance in the alpine zone, and that the value in Forsyth et al. (2000) was a 
"guesstimate" . 
The diet of possums living in the high-altitude habitats of Westland is unknown. However, 
in equivalent habitats in the Havelock River catchment, eastern Southern Alps, possums ate 
similar amounts of woody plants and herbs, but no grasses (J.P. Parkes et al., Landcare 
Research, unpublished data) . Fruits of Podocarpus nivalis, Muehlenbeckia axillaris and 
Coriaria angustissima constituted almost half of the autumn diet (J.P. Parkes et al., 
Landcare Research, unpublished data). These results support the observation that, in alpine 
areas , the highest densities of possums exist in shrubland. At Mt. Bryan O'Lynn, north 
Westland, possums living at the highest sampled altitudes (800-1000m a.s.l.) ate mainly 
woody species, particularly cedar (Libocedrus bidwillii) and Neopanax simplex. The fruits 
of Dacrydium bidwillii, Pittosporum colensoi and Carex sp. were also eaten (Coleman et 
al. 1985). The stomachs from the 19 possums trapped during our study were collected, and 
we recommend that their contents be identified for comparison with the Havelock River 
sample. 
We estimated possum densities in shrubland to be an order of magnitude less than did 
Coleman et al. (1980) . There are probably three reasons for this discrepancy. First, 
Coleman et al. (1980) sampled the upper forest/shrubland margin, and their estimate 
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Table 2. Habitat use, maximum densities, and maximum biomasses for the five pest 
species sympatric in the Southern Alps alpine zone. Updated from Forsyth et al. (2000). 
Species Habitat(s) used! Body weight 
(kg) 
Thar G, S,B 45.0 
Red deer G,S 58.0 
Chamois G,S 31.0 
Possum G,S 3.32 
Hare G 3.5 
I Habitats are grassland (G), shrubland (S) and rock bluff (B). 
2The mean body weight of the 19 possums caught in this study. 
Maximum density Maximum biomass 
(number km-2) (kg km-2) 
>30 >1350 
10 580 
5 155 
14 46 
<1 <3 .5 
therefore included possums living in both habitats. In contrast, we sampled shrubland 
>500 m from the timberline (Appendix A), and we consider it unlikely that any of the 
possums we caught were denning in forest. In other words, our estimates are unlikely to 
have included possums living in lower-altitude rata-kamahi (Metrosideros umbellata -
Weinmannia racemosa) forest, which is known to support very high densities of possums 
(Coleman et al. 1980, Cowan 1990). Second, whereas our estimate was based on 3 nights 
of trapping, Coleman et al. 's (1980) estimate was based upon trapping to extinction. 
Possums were caught on our last night of trapping, suggesting that some possums 
remained. Therefore, trapping for more nights would almost certainly have increased our 
absolute density estimate. Third, Coleman et al. (1980) trapped in large blocks, whereas 
we used lines of traps coupled with a liberal estimate of the line's catchment. The real 
'catchment' of a line may well differ from our estimate of 0.224 km2 • 
Possums appear to be common, albeit at low abundance, in sub-alpine shrubland and alpine 
grassland habitats in Westland. The low abundance of possums suggests that impacts on 
plants will be small compared to sympatric thar and chamois. However, the impacts of 
possums cannot be predicted by quantifying abundance alone, and the long-term effects of 
possums on plant and animal communities in high-altitude habitats are unknown. 
5. MANAGEMENT RECOMMENDATIONS 
The low abundance of possums recorded in shrubland and grassland habitats suggests that 
conservation impacts will be negligible relative to those of sympatric thar and chamois. 
Unless possums are found to be having negative impacts on specific plant and/or animal 
species, control operations cannot be justified within the habitats sampled in this study. 
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8. APPENDICES 
APPENDIX A 
Locations of the four sites at which possum abundance was assessed. The grid reference is 
the approximate central point from which trap-lines were located. 
Site Map Grid reference Notes 
Price NZMS 260 J34 440840 500 m upstream from timberline. 
Poerua NZMS 260 I35 155 665 500 m upstream from timberline. 
Douglas NZMS 260 H36 616 197 Near Horace Walker hut; 1 km upstream from 
timberline. 
Makawhio NZMS 260 H36 562 148 500 m upstream from timberline. 
(Jacobs) 
APPENDIXB 
Number of possums caught, escapes, sprung traps, and non-target captures for 20 RTC 
monitoring lines in sub-alpine and alpine habitats in Westland. 
SitelhabitaUline Possums Escapes Sprung traps Non-target Trap nights 
Price/grasslandll 0 0 0 0 60.0 
Price/grasslandl2 0 0 0 59.5 
Price/shrubland/3 1 0 0 0 60.0 
Price/shrubland/4 1 0 0 0 60.0 
Price/rock bluff/5 0 0 0 0 60.0 
Poerual grassland/ 1 1 0 0 0 60.0 
Poerualgrasslandl2 0 0 1 0 59.5 
Poerualshrubland/3 0 0 1 0 59.5 
Poerualshrubland/4 0 1 0 0 60.0 
Poerualrock bluff/5 0 0 0 0 60.0 
Douglas/ grassland/ 1 0 0 3 0 58.5 
Douglas/grassland/2 1 0 0 0 60.0 
Douglas/shrubland/3 4 0 0 0 60.0 
Douglas/shrubland/4 5 0 0 0 60.0 
Douglas/rock bluffl5 0 0 0 0 60.0 
J acobs/shrublandll 1 0 1 0 59.5 
J acobs/grasslandl2 3 1 3 i 57.5 
Jacobs/rock bluffl3 0 0 0 0 60.0 
J acobs/grassland/4 1 0 0 0 60.0 
J acobs/shrubland/5 1 0 2 0 59.0 
TOTAL 19 2 12 2 1193.0 
I Both kea (Nestor notabilis). 
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